Abstract. The development of draw solution is of great importance to the industrial application of forward osmosis technology. At present, the draw solutions are defined as two main types. In this study, we summarized the common draw solutions used in FO process after 2000, and detailed the two types draw solutions, responding to commercially available compounds (including volatile compounds, nutrient compounds, inorganic salts and organic salts) and synthetic materials.
The realization of forward osmosis requires two critical conditions: high osmotic pressure draw solution and selective permeable membrane. The ideal draw solute should have the following characteristics: 1) high solubility in water, or small molecular weight, in order to produce a higher osmotic pressure; 2) non-toxic, stable and secure in the water; 3) and forward osmosis membrane chemical compatibility, no chemical reaction with membrane, and membrane will not be degradation; 4) can conveniently and economically separated and reused.
In this study, the draw solution development status and trends are summarized in order to get more attention. It is promoted the rapid development of forward osmosis technology, to solve the problem of shortage of water resources in the world [4] .
Draw solution of forward osmosis
Due to the need of forward osmosis technology, the draw solution shows a variety of development in recent decades. Many water soluble and high permeable media are being developed as solutes in the draw solution after 2000, as shown in table 1. As can be seen from Table 1 , in order to find more suitable draw solutes, the researchers tested a variety of compounds as draw solutes. Generally, the draw solutes can be divided into two categories, i.e. commercially available compounds and synthetic compounds. The evolution of these two categories of compounds is given below.
commercially available compounds
Volatile compounds. The common volatile draw solutes are ammonium bicarbonate, sulfur dioxide, potassium nitrate and so on. These compounds can be separated from product water by heating, cooling or distillation. The volatile gases can be dissolved back into water to regenerate the draw solutions [5] .
Nutrient compounds. The common Nutrient compounds are Glucose, Sucrose e.g. it also shows a higher osmotic pressure and no need to regenerate.
Inorganic salts. Through the screened process, about 14 inorganic salts remained in more than 500 compounds in initial. It is always evaluated the water flux and reverse salt flux of selected salts. The MgSO 4 , KHCO 3 , NaHCO 3 , Na 2 SO 4 , (NH 4 ) 2 SO 4 , and K 2 SO 4 are considered suitable draw solutions which can show lower reverse salt flux because of their larger hydrated anions.
Organic salts. The organic salts are defined as the combination of an organic anion with an organic or inorganic cation. The research conclusions show that the shorter carbon chain always exhibit a better performance than longer carbon chain for the same cation species of organic salts.
Synthetic materials
Hydrophilic magnetic nanoparticles (MNPs) and polymer hydrogels are the main synthetic materials as draw solutes [6] . These synthetic materials have been applied to FO processes and exhibit great potentials as draw solutes. They are considered as promising draw solutes in FO processes. It was observed that these synthetic materials showed a higher osmotic pressure and easy to regenerate with energy saving. But the usage of these synthetic materials still in lab-scale stage. It is still a long way to employing these synthetic materials in large-scale stage. Just like the operation parameters, optimal recovery means and potential threat of purified water still need further study.
conclusion
As for the draw solutes in forward osmosis, it is a challenge to develop a more suitable and efficient draw solute to promote the development and maturation of the forward osmosis technology. In order to become a mature technology, forward osmosis technology needs to make innovative research on the draw solutes, and it also needs low cost and recycling draw solutes. At present, commercial membrane material is only cellulose acetate membrane developed by HTI company. It can be seen that forward osmosis technology is still in its infancy, and its development of space is huge. Forward osmosis technology will become one of the key technologies to solve the problems of water resources and energy shortage which hinder the sustainable development of human beings.
